Objective: Environmental impacts, history as well as established cultural regulations, and many more other factors had shaped broadly diverse structure of human genetic patterns. A control region of human mtDNA has served as a good genetic determination marker in many fields such as evolutionary studies and forensic genetics. The allelic variations of mtDNA have been studied in many populations including Turkish populations. Previous studies in Turkish populations lacked large cohorts. In this study, non-coding hypervariable regions of human mitochondrial DNA with extended population of Turkish individuals from Aegean region have been investigated.
INTRODUCTION
Double-stranded human mitochondrial DNA (mtDNA) is a circular molecule of 16.6 kb in length containing 37 gene-coding and 1.1 kb non-coding regions known as control region (CR) (1) . Highly variable regions within the CR or alternatively known as displacement loop (D-loop) of human mtDNA consist of three segments: hypervariable segment I (HVSI) located between the nucleotide positions 16024 and 16383; hypervariable segment II (HVSII) located between the nucleotide positions 57 and 372; hypervariable segment III (HVSIII) located between the nucleotide positions 438 and 574 (NC_0122920.1) (2, 3). Since then, sequence variations of the mtDNA CR have served as a good genetic determination marker in many fields such as population-based and evolutionary studies as well as forensic genetics (3).
Priority of many mtDNA studies was the determination of the sequences within the CR that consists of two hypervariable segments: HVSI located between 16024 and 16383 nucleotide positions, and HVSII residing the nucleotide positions between 73 and 500, respectively (4).
The allelic variations of HVRI and HVRII have been studied in many populations including Turkish populations (5) (6) (7) (8) (9) (10) (11) (12) . Mitochondrial D-loop region has been examined in 75 Turkish people from different regions of Anatolia by Mergen et al. (12) . In this study, non-coding hypervariable regions of human mitochondrial DNA in 100 unrelated Turkish individuals from Aegean region of Anatolian peninsula have been investigated, and a novel polymorphism was determined.
MATERIALS and METHODS

Individuals
This study included 100 unrelated (30 females and 70 males) healthy local Turkish volunteers residing in Denizli, which is located at the Aegean region of Anatolian peninsula. The study protocol was approved by the ethics committee of our university, and all subjects gave written informed consent to participate in the study.
Genotyping and Determination the Allele Sequence of HVRI and HVRII Regions
The genomic DNA of each volunteer was extracted from EDTAtreated whole blood using the traditional phenol chloroform extraction protocol. The PCR amplification was performed on a conventional thermal cycler using two primer sets by Sullivan et al. (13) as follows: L15997 (59-CACCATTAGCACCCAAAGCT-39) and H16401 (59-TGATTTCACGGAGGATGGTG-39) for HVRI; L29 (59-GGTCTATCACCCTATTAACCAC-39) and H408 (59-CTGTTAAAAGTGCATACCGCCA-39) for HVRII. Determination of PCR products first run on agarose gels and visualized by ethidium bromide staining and subsequent UV transillumination, then genotyping of sequence allele marker sites was performed using capillary electrophoresis system (Beckman Coulter, CEQ8000 Analysis System, California, USA).
Sequenced human mitochondrial DNA HVRI and HVRII products of each participant were aligned and matched with the complete Cambridge Reference Sequence (rCRS; GenBank accession no. NC_012920.1) (14); however, determined allelic variants were classified and evaluated using MITOMAP (15) and MtDNAprofiler (16) .
RESULTS
Genotyping of Sequence Variants
The polymorphic sites of sequenced the CRs (HVRI and HVRII) of human mtDNA are shown in Tables 1 and 2 , respectively. The integrated results of 100 unrelated subjects revealed 13 variable sites in HVRI and 20 variable sites in HVRII. Moreover, a novel variant of nucleotide transversion from cytosine (C) to adenine (A) at the position 16173 was detected (Fig. 1) . The most frequently observed position of nucleotide substitutions within HVRI was nucleotide transversion from cytosine (C) to adenine (A) at 16173, a transition of adenine (A) to guanine (G) at 16175, and a transition of cytosine (C) to guanine (G) at 16176 ( Fig. 1 ) with the calculated frequencies of 53%, 60%, and 82%, respectively (Table 1) . Interestingly, the two most frequently determined positions of nucleotide substitutions with the measured frequency of 100% were a transversion of adenine (A) to guanine (G) at 73 and a transition of adenine (A) to guanine (G) ( Table 2) . A transversion of thymine (T) to cytosine (C) at the position of 152 in HVRII was determined the third most frequent variation with the frequency of 22%.
In the poly-cytosine tract between the positions 303 and 309, only 35% of individuals showed seven cytosine matches as similar as the Cambridge Reference Sequence, whereas most other individuals with the frequency of 60% had eight cytosines and the rest 15% owned ten cytosines (Fig. 2) . The other microsatellite in the position placed between 311 and 315, studied subjects showed five cytosines as hosting in the Cambridge Reference Sequence.
DISCUSSION
Analyzing human mitochondrial DNA could be helpful to trace down and gain clues about the individual's shared haplotype with their ancestral proportions and present populations especially in admixed societies such as Anatolia.
In the literature, relevant studies were aimed to investigate human mtDNA allelic variation in the Turkish population (10, 11); however, these studies lacked good sample size (12) . Other study by Mergen et al. (12) examined two hypervariable regions of the mtDNA in a larger cohort constituting individuals well distributed in different geographical regions of Anatolian peninsula. In the study, 75 unrelated Turkish subjects from all around the Anatolia were examined for allelic sequence polymorphism of the CR of human mtDNA. An expanded study by Serin et al. (17) examined the mtDNA CR of 224 subjects from Southeastern Turkey. A nucleotide substitution of cytosine (C) to thymine (T) at the 16223 base position has been observed with the frequencies of 20%, 11.7%, and 14.2% in southern, northern, and western Anatolia, respectively (12, 17) . Moreover, a heteroplasmic transversion position C16176G has been observed in four Southern Eastern Turkish subjects (17) . However, they did not detect variations at the nucleotide positions 16173 and 16175. 
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tochondrial Genome Database (HMGD) (http://www.mtdb.igp. uu.se); however, a C16173T single nucleotide polymorphism is the most frequent variant according to the databases. Despite its high frequency, a novel C16173T variation that was detected in the Turkish population previously has not been shown in the HMGD, shown on the MITOMAP Database (18) (19) (20) , surprisingly. This could be because the variant is region-specific; therefore it is common in the region, but it does not represent the general Turkish population. Additionally, nucleotide transversion from adenine to guanine at the position 16175 was only determined in a Japanese individual (21) . Lastly, a detected nucleotide transversion of cytosine to guanine transversion at the position 16176 was determined in two individuals from populations of Georgia and Jordan (22, 23) and four Southern Eastern Turkish individuals (17) .
Identifying the global mtDNA variations would help to understand for human evolution studies better; therefore, scientists examined maternal inherited mitochondrial molecule in the population of 53 different origins (21) .
The sequence analyses in Caucasoid populations indicated guanine to adenine single nucleotide polymorphism at 263 nucleotide position of HVRII region; as specified by Calafell et al. adenine nucleotide at the position of 263 is defined as the reference sequence for HVRII (10) . Additionally, another adenine to guanine nucleotide transition was observed at 73 sequence position. The 146C, 150T, 152C, 195C, and 199C polymorphisms were defined as the most common polymorphisms within the HVSII region of human mtDNA in the Turkish population (12) . Recently, Guney et al. determined the allelic frequencies of 263G, 750G, 1438G, 4769G, 8860G, and 15326G variations were greater than 95% among in the Turkish population (24) . Both variations at nucleotide sequence positions of 263G and 73G were detected with the highest frequencies (100%) in this study. Therefore, the comparison of this study's outcomes with relevant literature show a great diversity of the studied population. The main reason of this variety is the admixture genetic makeup of Anatolian peninsula as well as studied subjects of this study.
Recent study has indicated that mtDNA U haplogroup has more predisposition to benign and malign thyroid entities, and eight mtSNPs were shown to be associated with benign to malign thyroid tumor in Turkish population as well as they indicated that the D310 poly-C sequence might have a potential diagnostic biomarker for thyroid nodules (25) . Therefore, these accumulated data with detected differences contribute to human population and evolutionary studies as well as giving valuable markers. Moreover, the results of this evaluation provide exhaustive clues concerning the genetic makeup of Turkish population of Anatolia, which is geographically located between the continents of Asia and Europe. Collectively, the outcome of different studies including our study reveals that the allelic distributions of maternal lineages show variations in different regions or different origins among Turkish people living in Anatolia peninsula Nevertheless, to determine complete genotype distributions within the Turkish population with different origins/regions require further investigations.
In conclusion, taking together the databases from different populations will increase thriving role of mtDNA typing. Thus, data of this study indicated a significant contribution to the literature. 
